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(57) Abstract 

A shaft seal excellent in wear resistance which reduces the amount of gas leakage from a high pressure side to a low pressure side, 
wherein flexible thin sheets (18) are laminated in ring-shape and disposed mainly around a rotating shaft (11) of a gas turbine, the turbine 
comprises a casing (12), a compressor, a rotating shaft (11), rotor vanes installed on the rotating shaft (11), and stator vanes installed in the 
casing (12) so that they are opposed to the rotor vanes, and the shaft seal is disposed between the plurality of stator vanes and the rotating 
shaft (1 1) so that each thin sheet (18) is brought into contact with the rotating shaft (11), whereby, during the rated operation, the tips of the 
thin sheets (18) are floated slightly from the surface of the rotating shaft (1 1) by a dynamic pressure caused by the rotation of the rotating 
shaft (11) and, when the operation is stopped, the tips of the thin sheets touch the rotating shaft (1 1) again by an elastic restoring force of the 
thin sheets (18). 
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>y l 2 l:H#tt5tiTi^. 

^^4^S<t^Sffi^®2 0 1 8 a«SnTI/i5. C©«<*ii2 018aH 

»E«6*HJ;oT»«l 8<Z)5feSg^±-rSJli:fcJPA, flfl&®2 018ai« 
1511 at<Dm<DfflmmWjft^&*\Zft£%Zt\Z&oT£.KZ<tStf®l 

C©M2 0 18ait WftcDTOl 8fc*tt*l*JJSH)l! (0^1 1 ffi'J) 
<flft«g|U;:M£n&<fe(aT> 8(D«flJS«£^-v>^l 2<Z>fiFr£ 

t^3 d x 8<Dftmzmmmm^mmts.}z\z&QMj:Lxm®W2 

0 1 8 a^ETTS. 

3, Z\<DWB2 lte, @tet^^e.H]tettll lO0<E*lfti|BJtt©eSE**W2 
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mMX?Z>. JI©B#, lfi«tftoT^«J»«l 8 0rtH«jfe«l»tt85 2 1 1: 

I*«£JfiStt*. fcT, jpI*nfc«M»if2 0 l 8 att, ®«1 8©»#g 
^a' ©ttfiT^ffiS 1 1 atS«Wi:^S. 

to® 2 o 1 8 aomxmtbxnwMm^mm-r^m^iz.^ m%-& 

0 6 CteJPl^7&©tM§£*Lfc*>©T, WN'JJPl©*£te5£E2 
S511 a<b&&¥frfc:WI3MPl£ttfcTO®2 0 18ali Jf ® 5 1 1 aK*f 

X7,?-¥>mmmiz\z®mmi 1 <D®mz£ox£.\:z>mi£\z£y) , m\z® 

EI7AK.tf7BWu »^#4#aoB l J^J**r'bO'r, *£l 8©lU3fcttl 1 
ffliJ^cSSSl 8bOT5 1 1 afcqzfffcJBtfSn, -?-©ft«® 1 8bCtt 

tt#fa*xv:/2 3j&<^Jfc;*nTV>S. :»i^T7y2 3 tt, 0 7 BUS 
-Tel: -5 fc, ^EE^JtffiiJ©l^ra^EE«M«cffl!lO^W«t: <&§«k^t:S§hW 

ICSBE«l«i:fiEE1H«tT^flEAP^i;*©-C. H©StfiE#»tii 1 8 KttLT 
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fc&OT&O, A P = Pa - P« TS$tl5. 

B8Afttf8Btt, »^##^a©5Efcte©0!l*^"rt>©T, mi 8(7)0^ 
Ml lfllftlfl 8 btt/3®5 1 1 atWKJMSn. ifl'O* ^oMl8 
bfcJ4«5EFW^^y^2 5«fiJt3nT^S. uOM*|Pl7fy^2 511 08 
Bfc5RTJ:3fc, IHteWl 10EI<£*lfilffilO»ra3ft««<tt««k5K:!85Sh / ©gf 

#4^a*KttT"b, ±H<Lfcfil$HB2 0 1 8 aom&tmmz* #7.*-t*> 

mi 8 (3^ffl-r^>?-?^(cjjpA.T, mi 8 0$te*fcfe#*jwiufl«nifcfc 

JUT. *58MOflS4*lt»»tLT05tf^^-lf>0«(3E*»9i-ra. 
tt»fcT#WLfcB 4 A U BP"fe. »fil8lt Hltett 1 1 

©@te*iPifc*ruTiHH6tti ivmmttzTn&atmfecowifttis.z&oiz'T 
*^t«, 0 9 fc^-r «k 5 m 1 8 tfrieiuteffti 

10«|»i:3pff&«ili±0»l 1 1 1 t&m<t>*$foTM®lTZ>tiLWlZWlttt>tl, 

ao, SE«*»einffisnfciRt, unsmi 8 ©ft«*«Kiiaigte«i 1 1*5 
mi 8*, mi 8 o9smifitimm$m 1 l^w^t^s^^^oTiiij 
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m l l \z*T£o\z, $118' MOM 19* tf-^zteZ^oizT^Ton 
tf)Ml*OMl 8* fT-i/yy 1 2 0rtIt:OTlT'J-7y--lH 

*%1&BM<DX Z?-\i>lzm-}<btltz>)-7 y-)l> 1 0 _hE^2^ 

M^T#Mtf C gi4 A\z*tm*mj&zGis* ip^> «msi 8«. (Hifetti i 
<D®mjjfa\zKLT\Biifcmi \(»mmtttft&atf?!ife(D®Lfttt£z>&?\z>T 

1 2\t. *^MMM<D%z*-\i>\zmrtzntzmi/-)i<Dm!&z*?®n 

zftiboymiz^-tkoiz. *mmBmiz&^x\$. f£jE#jtj«i 3&&zfmi£ 
wwi 4\t. iftmmfai 8(Dnm\zmmmi i<D±m\zM.^>xmn^tix. z\ 

ttS&EEMJ^ 1 3 *5£OTE#Jfl.U£ 14tfflS18t«i I«18# 
SjnJtg^^Rl^^^^^n^xhtfeU, fUfETOl 8(OHltettl l^^BS 

±m*mixm-yt>nz>. 
w*>. z.nt>{&E.mmmi 3^^zsms.mmui 4<D9e.i®tm®mi&i 1 1 

1 8 ttfimmm 13, 14 tammw, iieiis 1 8 ©phut 

II:, <£JE#J#J4£ 1 3 43iOTEffiiJffiiJ1S 14K«):0*fil8 \zfrfr%&&Mfr 



WO 00/03164 • PCT/JP99/03760 

21 

\t, m l 4 (c^Ti^H. M18' w©KM#-££fc4«k5K:T'ST©*« 
18' #-*fc«l»Lfc»ttfcU WR18* IB©»IBftS«-3etLT. £© 
8' 1 2©rtHi:t»UT<J-7->HH 0*i* 

*nMMmv>xx?-¥>\zmit>ntz i )-7>'-)ii octo, mi sic 

TK-f. Bfc*-r«fc3fc, *g*#IBTtt» gtttttl 8 0, ffiJEMflft 1 9 0 , ffi 
EffiiJffl!H£2 0 0*«tt*t6nT^*. U-7V-JH0H ±j£bfc#llWagi: 

IP^> 8©PMaKtt, REI8«ttK:KffiflflMfi2 0 0**, fcffiflfllttK: 

ftJE4Hfil« 1 9 0 tf*tt-£ttflE:*jfttB2Ffll©;i!M H*t LT»tt# 1 8 0 <t-# 

^JS^LTEtett 1 1 t^r— 2 t©M*^-;PbT^S. £fc> SMfcft 
1 8 8 0 a*6i*$nT*!3, #n*ttiRtt#l 8 

So 

fl#faC£fflT*&tt*JB:|*£3n, MtfiMMtt 1 8 0 a , 180ai*UC 
So 2*>\Z, &£{R2 2 OKtt, Rl«»18 0a, 1 8 0 a £lSTf S tf 
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±EOv-^1tH*^T«, &&8P2 2 0 £&-tRM#fJ#l 8 0 a, 1 

Mffi^iii^-5CltHck^TR5III^^#J^l 8 0 a, 

1 8 0 a^<Dffl#rp]0m#l»±£tt£<7)T, Stttft 1 8 0 *W&tZ>Z- £Hfi"C 

tzzv, m&U2 2 o &ft-r»WiSo»«tt, 01 6 b tc^-r <fc -5 ^nnia© 

«18^-*fc»lftLfcMtftoT^%A«. mewl l©*Vfttf«Jttt«**^ 

2 (DfWcffiiS: LT U-7y-;i/ 1 0 ' LT t>$fc>ftV>. 

»U-7'>~;U*fllfiJt-r*»«O»fiBBI*01 

^0K*f L Tie] ISIS 1 l©HIB£fc1-a#Ba£fc*J:3 1 2 KJR 

fattens tic An*, §i«18(l fl*«5#»K:#frfe^*>M 2 0£ 

Lx^t^^n, cn5Mt.^>n 2 owifctt, rami 2 i#»»&ttT 

:«J;3ll. S-SMi-tr^pOM 2 ON (cram 1 2 1 fcRWfcdtT, »JBE8& 
> h 1 2 0©^$ 1 8®^*SttH< <, #±L-*>T<fcD, &*1£1 8 fc® 
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-;Ug**tfclfi[W/hS^»^fctt, B19A, 1 9 B\Z*? : £Bm<D&?\Z.. ±T 

118' WORK 1 9 ' ^aS-^CtSut^TfS. 

*&, ##&il^>h 1 2 0, 1 2 0' *fc9©»«l 8, 18'OttC*tt, 

*&, ##&"t^^>M 2 0IH©raRl 2 ltt, IIt5|y-MM7 
*-£>©Rtt*frlcafe1*T, ^ffi&C®:i:^©^ffi£^fcI&ff<hLTfc& 

U*T> *l8M©S8llJfi^ffitUT©3trx^-tf>©fllric*lttW1-'6. 

*siiis»i8cDi«fx^-tf>ic«w-6nfcu-7^-;n o©««*H2 oac, 
au~7i/-;u%«ij«-r**«©»fpia&H2 o bii, 112 obi^sd-d 

iMl l©fflffii£ft©«E#*KliH6«il i©StoftK:«i:9&* 

«i 8ci6jw-TaioaTafcaf»5 2 oaraw-snx^*. -©ms 2 o«> 

ElfcNll 1 tliJtt^olHlMl l©HffiC»LTRII»5 2 1 &Wrs«t3CiSfi 
$ft£l) >^g|5 5 2 0 at, RU>^»5 2 0 a&gUEtUll 1 fcBHST*HJ£tt 
5 2 0 bt^P.&0, >J>^8&5 2 0 a£tt, 1 1 ©tt'frfcfct bXMfc 

JIMS*!*:, RBtt£WT3*tffc©iIla?L5 2 0 c#WW5nT^«. 

mum 1 1 ©ffikttfcwu 1 8 ©«ttBff^©^ffiT'd]tett 1 1 \z&m 
lx^s*«, EM&tti i ©intern a, missai i©@teK<toT£i;asiff3& 

iSltifeW 5 2 0©iI^?L5 2 0 c^&^K&^naSttfrJE^tCtO, 

z\<d£d \zmmw 520 tc«k o , m^w 1 1 fomvmmtmmb 
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1 l©8M>rtK:«fcD&»«l 8t|fij^THIDHiSn«©T, CCiMiaO, 
l 8 ©$fc«©#±jWEiisn, l 8 £iaiEtt l l £©&M{;:=k£i®* 

S*<tt«W/jN*^«^Ctt, 02ii:^tck5i:, £T©*«18* «r¥S^(S] 

Ssfc, ±ffi^lfiJBI6-m. S«W5 2 0tt, HMEttl l©JHlBfcU>f»tt© 
fc©*»ttfc«(dc£L£j&*. nnHRSI", $$tl8, 18' ©^±€r{EliT 
*«fc"5'lCia<E*l li£»©*#**»*l 8, 18* £&Dffit-*fifcT?*tt«fc 

-hfBfH»<§-m> iiW5 2 0K*5tt*iilE#©»DAfttt. »EffiJ« 

tlfe*«, :ni:i6f, 8ffil8» 18' ©fc«£«k08!i&fi<iK:f*±;*-&Sfc 
»K:U>^»5 2 0 aOMl;MLTM$tfcfe©tlTt)^^. 

±E^Jffi^SBTtt, #il^?L 5 2 0 c tt, 1 1 ©«fcfrlR]fc*HT 

SIE#©«En**« 1 8 , 18* MfcaJcSfcaWtfcLTfc&V*. 

mi 8, 18' ©#ttfcE©Ktt*frfcj&i;T, #a«3U 2 0 c© 
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m i<D®j3faizmfe<Dmvftt?mm*M$LVi£i<nx^z>. zzr\t. m 
■2ijfaZfa<-'j3<Dffi\z\t. fojj<DW*w£#%z\t\z£K>m&2itt>tLtz$*m 
mmMf&m 1 8 aMsnxi^. 

123A-23DH HI 2 2 fc^f »«©8fifc&*T0"T?fcoT, 0 2 3 AH 
»«©¥iBBI. 02 3Btt, g|2 3 A(7)B-B^^ifffiia, 02 3CH 02 3 
Afc^-r*«t^iE&g©S&*»«0^iiH, 02 3Dtt, 023COC-C 
£&l(fr®l2lTfc£. 

**lt#lBfc*S^T, 1 8 <D&3<D-$&\$, 02 3A£#!IbTx w =5 
~10mm, Li=30mm, L2 = 5mm, s i =lmm, s 2 = 1. 5mm<J:&oTt/*£. 

1 8 a 0^tHit5$ h tt, 1 8 |IIfc:»rtf^*BIB 1 9 \Z^t>^XM^. 
Ktt, ^Ml 9*10umgKfC»3£LT*s<ii:*<»*L^. 

tm^mmi 8 at*, mgi 8 zm%7uz?zztr& , &&mmzM-?z>z. 
ttf-czz. *nMmmr\$, zn^mi 8 a«, »«i8©i^ (ekeni 

110tt^[6]) fctt3?iJ, gS5^lRlttt2 WritStlT^S. 

1 8 tt, EI 2 3 ARt>*2 3 Cfilltttiti^:, *«16©n 

»«l 8 Kite, nWflUCffiSnfc^iEl 8 a©n«ffil3£Jlil*^OE*s 
•«*lmte»je*nfc'bfl!) (ff 18A) i, 2mnKlfcJE$nfc ! fe© (ff#18B) 
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LT, cftf,zlM«18A, 18Btt, M 2 4 H^T«fc "5 fc. 1 

bscwi 9te, ^-jus, ^mi-n«iniii£itt 1 1 <Afc&< km 

KMiJTSo 0J;U£, EMEttl l©tt£#<*>350<Z)«£K:tt. «10, 0O0tt<D*fi 1 

Jft^^l/XfCctO, »W»i«»ft#l«r**fi 1 8 a *»« 1 8 fc» 
fifcU SRttflEl 8 0 l:I^tJ. 

HMEMll l©Wig^<(>350©«^lCtt-»«iJ, (M000<Z)«£Kfct*##J<h£nW 
5 (0 2 6#M) o 

il^fttlTtt, EBW, TIG^©^»©t><Z)«ffl2tt£ 0 fcfc, 

8£B£UfcRffl«$MW#3 1^13 lA*«tWTO3 1 
B2 6C^f,l:5i:, HMHK^aitt 3 1 3 2 lZffi.fr Atl. Sttt 

~>-;Ugtt, 0!IA.tflBMEttl l©«|g*«<(>350O*^Ctt, -t-©fit^60.5im* 
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£©*>M*IW 1 9 &M**o*||«IKW#-r 
Sfc, RmfctfasSfctSBei 8 a*. MSI 8 ©-»*£»£"&* IlifcJ: 

L*»t>, mftt£xumm**mz\sTi&uzhft.*:®zztW'v%z. 

±M©*MMT«, *m 8KWrttS«mJBJfc»£LT, ^^l^XCiO 
Mbfc^igl 8 aOTbfcfeClCO^Traifc^ *»ITH Htm 
^fiJcSRtLT, ftttl 8©-aH£»BMv*TJEMfcLfc*y*JH4 1 £$ffl-T3 
fc©-?$>3o 

Zt\Z£Q* I«180*Il:^«;*i4 1i:J:«a«^)SU, ^nfcHtfflJB 
fi5tg&i:t£fc©T*cfc3. 

.09*1*, »«i 8m©wmi 9&ioMmfc»jrr3*£fctt» M&^tMJ 
©ffiC5/im©^y+i8 4 i **n-?n»rtt"*. 

x-mmiz%-fr^mfe®wP!&mzi&fe2n%z\£\ztiiz>. 
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*?zw\zmzmmMj&mt. ±a*©£gi 8 a^«ktx^y^®4 1 \zm 
^5i«tufci^i:ii, nfai swobrihi 9 

18cS, ffi^DJPX-T^^tTHW (W*.tf, R=0.5mm) l3ULTl3<:i 
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0 2 9tt*^M^!i«OttS/-JP«e©lHlte«l'DK:»5«fiJt0» IU3 0«±fB$ft 

**H»ttlC4J»t*^^-t:> (03 0) fcfc^T, 1 HiSII ( p 
: 04EM'&9 11a), 11 attlgt, 1 1 a teffJlEEStett 1 1©D- 

*x-f**3 3©ttffiKttK3nT^*. 12a«HlT, WEIMl 1 a© 

»Jj-6nT*D, 2a«m 8 15tt»ll2a0rt«fl)D-^7^3 
3 £<Z)'>-;i>aHlliHt5n&y--7->-;i' <!f«3'-JHIt) > 8 l 5 a, 8 15 
b, 8 15c, 8 1 5 dtttftCn-^x>H»3 4C4RlC»Jt6nfcU-7>' 

8 1 0tttt'J-7->-;P8 1 5 a~8 1 5 d O&EMT&SiSM, 8 1 1 tt 

WL> ft&l 1 8#<lQl£ttl l©H*IfiJfc^JiCEill/fc«ljfit&-3TU*. K 
8M£1 1 8te, (Hltefftl lOEIK&GlfcttLTIIItettl lOHiBia-rft^ftft 

SP^0 2 9 t*V»T, 8 1 0 lilEi, 8 1 1 ttftJEE^T* 0 > Z.O%mm 
TteiiulBi^E^ 8 1 0 £&E^8 1 1 i0^C4g©'J-7y-)l/8 1 5 a, 8 
15b, 8 15c, 8 1 5d^if^nT^S. 

&&<DV-7z/-Mt> 0 3 1 tim SSM«£1 4, ftEflllfil 3Stf 
^-v>^l 2^^j:^jti2ai;, Ifc&l*)ff0ft&«tftt 1 18 a, 118 
b. 118c, 1 1 8 d£g#LT&3„ BP^^E^8 1 Of?9<7)S8 1&U-7 
^-;P8 1 5 aHtett#lRlfflL.fc*»«l 1 8 a, 81 2 S'J -7 5 — 8 1 5 b 
Ctttt#l6j«L2&*»;Kl 1 8 b, ^3au-7'>-JU8 1 5 c Ctttt^fflfi 
L.&5»«1 18 c, i4giJ-7y-^8 1 5 dl:tti^fiL4&5il8l 



WO 00/03164 * ' PCT/JP99/03760 

30 

1 8d^nfnstsnT^s. 

•5-bT, fria«»«l 1 8 a~l 1 8 d<D|ft^(6]*iL«, #<Z) (3) iUCck? 
L = k (P, 2 -P. + . 2 ) /G - (3) 

ft^T. 0 3 2 KtkT^H, iSfflEg8 1 (XDEWPo (£©0im«tPo=3 
6kg/cm 2 f) , <£EE^1 1©BE2jj&«P. (£©0m«tP.= 1 kg/cra 2 f) , 
&&ffl<DBlTtfPi (28kg/cm 2 f) . P 2 (20kg/cm ! f) , Pa (1 
lkg/cm 2 f) T*5ii, £ft60E:to«IRtf»n8lE*G*±E (3) 
fULT, &&<DV-7*s-)l8 1 5 a~8 1 5 d 1 1 8 a-1 1 

8 domzwtfe-rz* 

Z.tl\z&r), 1 O<0JBE2lPoJ&>SffiE£8 1 1 ©ffi^P .*TfiTS# 

SOfc&Bfc'J-?!/-^ (8 1 5 a~8 1 5 d) 1 1 8 a~ 1 

18d0iL 1( L 2 , La, L4*jfca*::£rt«"e*5. 

fiP"fe, £®£JfiJBt6£:feV>Ttt, &m<DV-7y-)V8 1 5 a~8 1 5 d £1t 
)SnilSll8a, 118b, 118c, 118d©iL,, L 2> La, L^S. 

H«J£L (fip-fe. L,>L 2 >La>L4) , Ztl\Z&Q* KJE^ 8 1 0 WOJE^J 
P.= 36kg/cm ! f ^£RJfgtf>i£ja=g8 1 1 rtE^P a = 1 k g/cm ! f 

a~118dOMi^, ttSSE (Pi-Pi + i) X^iniG 

om-x<DMm*m? (3) ^ccfc^TK^-rs^tcfco. use^s i opwm 
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m i i nm mm 

Kwmrni mnMmtLT<Dv-7>>-)i'<DmftzviW'rz. 

ZOmMMmiZ&^Tl*. U-7->-;b9 1 5©»«1 8*, R«*.|fiJH*5^ 
T«*tt0f < 6 ttBrggtfffa) fcfc^T, «7cSI5 8 1 £££L S 
£LT> COg^0?f1S8^n^lRltf^5 l $rto^Sl5j4 e fcl9 ! fo^:#<MLT, 

d<D^-&, flffiB*lfil 8m<Q&ffll 9 ©<f 0 . OlmmtSCtlX, 

^^*H*6^«l^<fcn«, U-7^-;U9 1 5 ©KffilBfcffiffifll 

S 3 4 tt*H«S^J6*^"r U -7 $/-;u©f»#«i£B|-r&s. 

(5 0~1 0 0tt«ftjW*U>) £l7Dy7 OIMfc-fe^*>h) iU £ft 
6 I7*ny*©*«8£, i3 4t;^t«k5i:, ifiiSiOfc^KUWOi 
'J-7 6 2 OKH^Ufc^Py^#*H«*lRlHtfft«il«t. »«UTV»«. 
i'J-7 6 2 0tt, EtiVffil 8©IE®WCifi^L*:'J-7gB6 2 0 at, 
-78R6 2 0 a©flJB«fciStt3*U 1 ©fl»JHffl£«/MKI« 6 2 OcS 

*mmBmiz&n&, mm 1 8©«»#& i^D?^tiTi'j-7 6 2 on 
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£fz, £'J-7 6 2 0£>*;*7-h8R6 2 0 bVftmtmfcmvftMtfDm&liii 

si\ mz.\mm2iztim-?z>m3 5^-r^^iz, *Kmz£z>m'>-)i>z> 

EWUhrngPtte (HPti, U-7->-;H 0 10), (IP^> 
IJ-7-/-JH 0 2 0) Hi&ttTfc&^o 

m3 5(D®i&mi i\tuM\z\$~mmmtti-DT&K), i^ap i o 5 
o^si*mi 1 c\Hizm^^nrz^mmmt, i<Dmnm<Dmr*mn, 

HWi^toT^l, fc&HJP 1 0 6 0<fc9#tH£n5„ £<Sg&#<Z)&*l*fr 
®ia£H13 6At:it. 
^3 6 AK&^T, >J7*1 1 Bte, Ulte^l 1 ici©a^?ra 

(I^E]T«5*fi)T) tiat-tT^^c 

^Wl&DttttOlIB^ E13 6B (g|3 6 A + ^MQTfflo fcgfc#CDi£±ia) 
CST. ISIEKCSTi 1 2 &J£$JM 1 3 , ffifiEflflltit 1 

H HT, m^Hb 1 1 t&Mi/-)lt<DMm\tl 0-2 0 (imt**5. ft 
*l7k''J>7->-JK?)i&tt0. 5~lmmOiWfeD, lot, ±12 U - 

7Sl^lll'>-;^©«^ttflisl»|ffl^e©»nma^:^^:&< , ^MSOTfto 
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8. flfa#»«ttltliaiHH6«l©HiBt3 0-4 5S©ftS[«:&"r¥«tt"T?*5 
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14. *iE»*##¥atbT, H(rEf»«©ltiE^««»oi8®*«i©«*lfttw 

15. itrE#»«*«, mn&<Dmiimmm®<DMM£¥ftts.J5mt?n%>*. 

5 KE«£ ftfctt#©ttHJB 3 «E*Ott'>-;K 

16. t&E»«#» »Effij^6JPJESnfc|»H, £n&»«©ft*#ttEllllfr 
SliWt-*tttBfcE«SnT^*««©feBa*6 5IE«0**'>-^. 

17. WE»«OWttfc^HfcaoTflitt3WftW'5n. *«i*RtlHRtOWK: 

is. mfecDmommtzmwizti. 

19. ttEffK£mEM&m®iRmtf. wE»«©piflnrs^tc*L^e*© 
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